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Ahstrm:t

W’c Iirnt revirw mt,ain Iinitpw ,miprds d frw-h(dy A. hyprrnuclri nml 111011rxplorc the phyriicn
of Lhypcrnuclri lhmt wmhi prmiurr strurlurp umr LhP ~ Lhrwkdd in [Pw-lMJdy ohwlir. fwalh?ring
and rrarlimm III pnrliclllar, wr dkum n prmlklwi oIIh;mmnrIll in lk Ad mw .wct.im mm Lhv
!lIYN t.hrdold in t(~rnmI\f pJm ill thr ‘f’ = o }.N N mllqdit,u(l~~.A hrid’ cli~rmxim of mnlicipmt,ml
ptdrn in Lhe T = I nmpliludm in dxo givm.

Introduction

physim of A-hypt’rnuclvi hau prmmn LOI)(1Imth IIIM4 and puzzling, strdching our intuilion ;IIId



2 The S-Hypernucleu~ Question

Ilayano has just dcmiibed Ihe f xp~rirrwnlal ‘~ork il. I.klk Jnd !JN’L [12, 13. I.{] wh, t h hks dmlonstral~d
clear structur~} in the X,VN.V systpln bdow r,hv Y t hrmhol(l, These data are supported by the ~arlier

bubble rhamhor data fur tho cxrlufiiw K “11[(’ - T- ,\pd rurlion [1.5]. rmxwlly roanalyzml by I)a.litz f’1

u!. [16]. 1,01 us bridly review tl,e situaliou. Thr r- spedra from tlw (h, r) reaction on 4 IIc ~xhibil
narrow slrurturr below LIWthreshold for Y prmlurtion, whmwts Lhc r+ spectra do not, I)erause the

( K-. m-) reaction lwds to both T = 1/2 and 7’ = 3/’2 stalm while the ( K+. r+ ) reaction loads only to
T = 3/2 states, and Imcausr Llw spin-flip reaction is small, tlw struct.urc obsorved has been intmpret.ed

as a bound ~11~hypern,lclcus having t.h~ quanlurn numbers (’T = 1/2, J= = 0+).
Dtww and {Jai [Ii] noted a decade ago that, if a hound Rlalc wmc to exist, then the (T = O, J = O)

slate should lip Iowm in wwrgy than rit. hm I.lw T = I ur T = 2 ritates, because O( thr spin. isospin
dtywndrnco of the X,$’ interaction. Following Ihal work. IIarada rf al. prcdirted the cxi~lwu-e of an
A = 4 XIV .V.V hound state [ Itl, 19]. Allhongh uo otlm bmnd statm for A = 2-5 wore prmlict.ed, wc
were nmti vatml to exalninc tlw YA’ N sy~tcm in an clhmt to uwlerstand lhe properties of tlw scattering

amplitude that miffht hmd to (JbSeWLhk H1 rurlurr in the physical ld crosR section. For a su~lciently
at. trad. ivn XIV intrrartion, {JNOwould hopo to sw cvid(~nro for w (’f’ = O, J = I/2) !:,V N bound stale,
or a low-lying rmcmimm. in thp ,fd crow m-lion near lIw threshold for Z production. h’urlhcrmr)re,

onr r;u) ilIld~tiCiL[]~ rontinu~ lho p(lililtiolls into t]I(s romplftx rnt?rgy plane to seek Lhr pmilions of th~

pohw that im’ rcspon~il)ih’ for lhat struclur(!. For thi~ latter rx~rcifw, wo ncrvl not re6trict ourselww to

T = (1 Ad wiLtlmin~ but ran mtrart polm of the ‘/’ = 1 and ‘1’ = 2 systwns tl]at ar~ rmchcd in the
‘)I{r( Ii, m) rriuthm#i !itudhd :Lt t.hr Ilrookhavvn i~~:s [~()].

3 Numerical Results



We illustrate this for two diflerent “.S1 separable potential models: 1) SRW [24] and 2) ‘N Ii-B [25].

Both models produce only rwionances above the Y.V thr~shrdd (2131 M~V)M is illustrated in Table 1,

(We nave used m~ = 939 NfPV,mA= !115 McV, and m~ = 1I!12 MeV. ) In each case w~ use t.hc Slt.bV
1SO inloraction. The TCI?-11 potential is somewhat strnnger than th~ SRW potmtial, this can be swn
when the the ,\.V-X,V coupling is set to zero, because th~ ‘[GE-II model supports a true (zero width)
SN bound state under that condition while the SRW potc+nt. ial dmw not [21. 2:]]. The paranmters for

the lSO and 3,$1-3D1 ,V.V potentials ( !JD = 4%) arc those ud in our study of i?N-Y.’V coupling in lhe
hypmtriton [1 1].

Table I
Tlw position of the po!m of the AN - ~N amplitlldc Lllat Iic CIOSeto the XN threshold for th~ ‘lSI

}’,V interactions considcrm.1,

_-

I%tential Sheet Pole pmit.ion

In the Y’N N calculation. both mmhh prrdur{’ narrow Htructure only in a single partial wave
1+”), as one would oxpcct of a trn~ rwionanrc [21:. (The cross sections for higher partial waves(JR = ~

~xhibit a broad twlmnroment shove the X thrmhold, which is duc to the opening of a rmw channel. )

The ritructuro i~, of coursr. morr pronounced in the inidaatir cross section than in the total elastic
rr; m mction. In WA case the structure is mor~ or Irm ~ymmctric and lie~ below the thrcehold for

!: prndurtiun [21], althnugh in thr riuw of t hc SRW model the total PI~tic mom section falls sharply
mmr the thrml:(dd ~uggtwling tlm~ tlmrc i~ wmw shadowing by the branrh rut; that i~, the SRW polo

licti almvo t hc YN N thrwhold. In ‘1’ahk 2 wc compare the p~itions of the polm for lhc two modolH M

w(*IIas providr t II(’ po~i t ionH O( t hc pohw in the t wn- hod y amplit udcn for cnmpariHml. (‘l’ho cnmgim of

lho rmon ancwti firo gi vcn rolfit iVP to lhv AN and ANN lh rrshohh, )

‘1’al)lr 2

‘1’lw pwition ol th~’ polw+ of tlw Y N N amplitudr mmr tlw YN N thrwkld and tlw pmiition of I tw



Although there is no ,fd coupling 10 the 7’ = I 1“.Vfv chanrml. so that wr cannot calculale elastic

scattming for such an iwmpiu ~hannol. we can scarrh for the poles in tht~ 1“ = 1 }“~YN amp]itlld~. \VP

have initialed such a search. Ilecause of the spin-isuspin d,’pcndonrt’ ~J t IN’ }’ .V in.cvacti(,n, W(Be~pert

the T = 1 poles to lie ‘highrr- in energy; that is, wc ant.icipato that the rwd part of’ the rigmvalue
will lie above that for the rorrespunding 7’ = () cigcnwdur. Is(m t lIaL r~’won wc II;ivc Iwgun t h~: ,search
with the TGE-B model, adding the 1’ = 3/’2 Y N interactions corresponding to the scattering lengths
and dfectivc ranges spccifimi hy t.ho the Nijnqm group [261, our initial dl’mts to find the “r = 1 pole
have not produced a definitiv~ answer, The pole appear6 LObc located (shove the XN N threshold ) in
~nch a position that we must alter our contour rotation prcsrription in ordm LObe ahlc LOanalytic~ly
continue in such a mannm FMLO%e” the prdP. l[owever. the fact that the T = 1 pole seems to lie

higher in energy tham the 7’ = (1 pole for this model is consistent with the analysis of thr spin-isospin
rlcptmlence {Jf the Y N intcractirm by Dover and (ial.

4 Summary

The physics of ,i-hypernllclpi h~s provon to Im novol and much morv than a mcro cxtmwion of that

found in mwenlional, non+lrange systmns. “I*INIstructure men in the 411P(K-, n ) rwwtions i~ yot another
rxample of physics that dilrers from the phy~im of tlw .S = O sector. This Htrurturo iH not due to a

cusp effect, w one finds in the nn-hf .systcm or in t Iw t.wo-hctdy }’ N ( A.N-XN ) systorn [2;]], hut it is

most likely a structure awiociated wilh polm in tlw scattering amplitud~,
Whether ther~ ~xi~ts a true X-hypernurlpar “1)01111(1 state- is not important. The ~tructure obHerved

in the 4He(K-, x-) reaction iti most Iikdy corrtwpond~ to an cigcnstatr of the }’ N N N Ilamiltonian.
We hav~ illustrated this for lIIP Y N N syHtmn, wlwro wc havr showu that on~ would rxpcct 10 HCC

Htructure in the T = O ,~d crom Ht~ction IN40W the thrwih(dd for Y production whothcr the pole in the
sra~tm ing amplit udr Iiw I ) hclow tlw Y t hroshold ( what (NIO might wi~h to label w a I)uun(l sLato)
(w 2) above Lhat thrmihold ( what mm might wiHh to Ialml aH a rwmnanw). In l[IP CMCof the }’N N

tiy~tmn, tho ~pin-iso~pin (lcpPII(l(vI(s(~ {)f tlio Y N intt*r;u”t.itm dtm mako it appear that, iln~‘1’=I polowili

lit’ ahovc th~ thr~whold for !; production, a nmrlusi(m that is not scttlwl for ‘1’=(). i[l)wmm. (ml would
mml’llwlm4 antitirpatlc Htrurturt* of s(mw typo IW1OWIllw X I.hrtwhohi in Lht’ ‘1I]tt( K -, K) Spt’(’tra,
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